GRÖNLUND, TUULIKKI, 1986: Diatomite deposit in the basin of Lake Soijärvi, central Finland. Bull. Geol. Soc. Finland 58, part 2,[35][36][37][38][39][40][41][42][43][44][45] Diatomite and underlying diatomaceous gyttja are met with in the overgrown Soijärvi basin at Karttula. Diatomite is considered a material containing abundant diatoms and with a Si0 2 content of 60 %; diatomaceous gyttja has a Si0 2 content of 20-60
Introduction
Diatomite was found in the course of peat studies in Lake Soijärvi, Karttula (62° 40'N, 27° 05 'E) (Fig. 1) . The diatomite was established by microscopic examination of samples in a natural state based on the ratio of diatom frustules to mineral matter. Diatomite is considered a material in which almost the whole field of view in a preparation made from it is covered with diatoms and in which no mineral grains are visible. Diatomaceous gyttja in contrast is a material that contains diatoms in abundance but in markedly smaller proportions than in diatomite; mineral matter may be present. The microscopic determination of diatomite and diatomaceous gyttja was verified by chemical analysis. The Si0 2 content of the sample is decisive: diatomite assaying over 60 % Si0 2 and diatomaceous gyttja 20-60 % Si0 2 (Grönlund 1982) .
The purpose of this paper is to describe the diatom stratigraphy from the diatomite deposit found in the basin of Lake Soijärvi and to discuss some chemical and physical properties of diatomite material for various applications.
Description of the site
Soijärvi is an overgrown lake basin in the middle of which there is an open quagmire with 
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a thin layer of peat (10-30 cm) (Fig. 1) . The edges are tree mire with birch and spruce and with a layer of peat over one metre deep (Fig. 2) . The diatomite deposit was studied from a profile taken at point A 300 (Fig. 1) . The layer of diatomite beneath the peat is 130 cm deep (30-160 cm) at the study point. At a depth of 160 cm the diatomite grades into diatomaceous gyttja that constitutes a layer 95 cm thick underlain by gyttja clay from a depth of 255 cm downwards.
There is an estimated 187,500 m 3 of diatomite and 6,800 m 3 of diatomaceous gyttja at Soijärvi.
Determined at a depth of 70 cm, the dry density of the diatomite is 0.17 g/cm 3 ; at a depth of 230 cm the dry density of the diatomaceous gyttja is 0.29 g/m 3 . The content of organic matter in the diatomite is high, the losses on ignition varying between 24 % and 42 % (Fig. 3) . The losses are notably smaller for the diatomaceous gyttja and the gyttja clay.
Methods

Diatom analysis
Organic matter was removed from the diatom samples by keeping the material in a sand bath in a 30 % solution of hydrogen peroxide for 24 hours at 50° C. Mineral matter was then eliminated by repeated suspending and decanting. Slides were prepared using Clophenharz (Clophen W + Clophen A60 = 5:1) (index of refraction 1.66) as a mounting medium.
Diatoms were taken for analysis at 20 cm intervals, at least 500 frustules being named at each sampling depth.
Particle size distribution
The distribution of particle size in the Soijär-vi diatomite was determined from a sample taken at a depth of 100-105 cm and from which the humus had been removed with hydrogen peroxide. First the sample was wetscreened on 62 /*m mesh. The material that passed the mesh was studied with an automatic particle size analyser (Sedigraph 5000 D) using accelerated sedimentation and the X-ray technique. For the analysis the density of the diatomite was determined as 1.897 g/cm 3 ; the density of the water was 0.9951 g/cm 3 .
Specific surface area and porosity
The specific surface areas from the material in a natural state and from diatomite ignited at 700°C were determined at the laboratory of Engineering Geology, Tampere University of Technology on a sample taken from a depth of 95 cm using the nitrogen adsorption method, whereby the amount of N 2 adsorped onto the surface of the sample is measured at low temperature and pressure. This method gives the specific surface accurately, the irregularities in shape and porosity included (Nieminen 1982) .
The porosity of the Soijärvi diatomite was also investigated at the Tampere University of Technology on samples taken from the same depth (95 cm). This was done using a mercury porosimeter according to a method described in detail by Kellomäki (1982) and by Nieminen and Kellomäki (1982, 1984) . Porosity is closely related to the surface area of the particles.
Chemical composition
The sample was dried at 110° C and ground in an agate mortar. One portion (0.2 g) was fused with sodium hydroxide. The cooled cake was dissolved in hydrochloric acid and an aliquot was taken to measure silica colorimetrically as molybdenum blue. One portion (0.5 g) was decomposed by treatment with hydrofluoric-nitric-perchloric acid, after which aliquots were taken for the determination of aluminium, calcium, magnesium, sodium and potassium by atomic adsorption spectrophotometer. A nitrous oxide acetylene flame was used for aluminium and calcium, and an air-acetylene flame for magnesium, sodium and potassium. Total iron was analysed colorimetrically using the 1.14 -HCl method. One portion (1.0 g) of the sample was heated for 1 hr at 1000° C and loss on ignition was measured by weighing.
Melting temperature
The sintering, softening, fusion and fluid temperatures of the ashes were determined on the Soijärvi diatomite (depth 120 cm) and underlying diatomaceous gyttja (depth 200 cm) with a Leitz Wetzlar heating microscope (DIN 51731).
Results
Diatom stratigraphy
Diatoms were abundant throughout the sequence except in the basal gyttja clay. All the diatoms encountered were fresh-water species. Altogether 144 species and 179 taxa of 32 different diatom genera were named from the profile studied. The diatomite contains 99 species and 156 taxa from 25 diatom genera.
The diatom succession is presented in Fig. 3 , sented. This is implied by the relatively small number of species in the diatom flora.
In the succession of diatoms the diatomaceous gyttja and the diatomite are distinguished clearly from the underlying gyttja clay, which is characterized by alkaliphilic flora. The dominant species in the gyttja clay are Fragilaria construens and F. construens var. venter.
The diatomaceous gyttja and particularly the diatomite are characterized by the abundance of Melosira species. Altogether 16 different taxa of Melosira species were distinguished. They were determined according to Mölder and Tynni (1967) and Florin (1980) . The most common are Melosira distans and M. distans var. lirata. Also present in appreciable numbers were M. lirata var. lacustris and M. lirata var. perglabra, and M. distans var. tenella (Nygaard) M-B Florin, which is a small and squat, broad-celled diatom. All the above Melosira species are acidophilic in their pH ecology. Melosira species calling for more alkaline water were also encountered. The majority of these were M. ambigua and M. granulata, which occurred in profusion in the diatomaceous gyttja. Littoral species met with in the deposit are diatoms of Frustulia rhomboides and Pinnularia genera. Also worth mentioning is Cyclotella stelligera, which, indifferent in pH ecology, occurs abundantly in the diatomite in particular.
Particle size
The largest particle size measurable with the particle size analyser is 60 /im, which, according to the size classification, is the upper limit of fine sand. The dominant species in the Soijärvi diatomite, Melosira distans and its variations, is box-like in shape and 4-30 /im in diameter (Hustedt 1930) . The Melosira species may, however, form chains comprising several individuals, in which case the length of the chains exceeds 60 /xm (Fig. 4) . Many Pinnularia species are also over 60 /xm in length. Other species usually exceeding 60 /im at Soijärvi include Cymbella hauckii, C. turgida, Eunotia robusta, E. lapponica, E. lunaris, Frustulia rhomboides, Navicula radiosa, Stauroneis phoenicenteron and Tabellaria fenestrata and T. flocculosa. Although the above diatoms are so large that they dominate the field of view of the microscope their proportion of the Soijärvi species is low, because too little material remained on the mesh during wetscreening for it to be weighed. The distribution of particle size obtained with the analyser is given in Fig. 6 . This shows that 52 % of the particles in Soijärvi diatomite are smaller than 2 ^m, 47 % are from 2 to 20 /im, and not even one per cent is from 20 to 60 /*m. The large number of fragments in the Soijärvi diatomite is thus clearly reflected in the distribution of particle size.
Specific surface area and porosity
The total calculated area, or specific surface area, of particles from material in a natural state at Soijärvi is 20,100 mVkg and from diatomite ignited at 700°C 28,800 mVkg.
The porosity of the Soijärvi diatomite was determined from both the material in a natural state and the samples ignited at 700° C. The results of the porosity determinations are given in Table 1 and as diagrams in Figs. 7 and 8. Various densities can be obtained for porous materials, depending on what is included in their volume. The geometric volume includes the real volume of the matter and all the pores. Corresponding to this is the bulk density, or weight by volume, of pulverous material, which is obtained with a mercury porosimeter at minimum pressure. At maximum pressure, the mercury fills all the pores with which it comes in contact. This gives the apparent density (Nieminen and Kellomäki 1982) . The weight by volume of dried Soijärvi diatomite in a natural state was 0.298 g/cm 3 and of ignited diatomite 0.258/cm 3 . The geometric volume, which was used when calculating the weight by volume, includes all the pores not filled with mercury at minimum pressure (c. 0.03 atm). In the calculation, the pore volume filled with mercury at maximum pressure was subtracted from the geometric volume. The porosity percentage is the percentage of the pore volume of the geometric volume. The apparent density of 
Chemical composition
A chemical analysis was performed on the Soijärvi diatomite on a sample taken from a depth of 100-105 cm from the middle of the diatomite layer. The result is as follows:
The organic matter in the Soijärvi diatomite is appreciable, which was already apparent in the other loss on ignition determinations (Fig. 3) . Other impurities are few, however; only the aluminium content reaches a few per cent (3).
Melting temperature
The results of the analyses are as follows: 
Discussion
Only a few diatom floras of diatomite deposits have been described in Finland. The diatom succession from Vähä-Komujärvi in Pyhäjärvi, which is characterized by Melosira distans and M. distans var. lira t a, is very similar to that found in Soijärvi, whereas the diatomite from Rätäksuo mire in Hollola is dominated by alkaliphilous Pennales diatoms, especially Fragilaria construens and F. cons t mens var. venter (Grön-lund 1982) .
The diatom floras of the diatomite occurrences situated in a secondary position in Haapajärvi and described by Aario (1966) also differ from the flora in Soijärvi. According to Aario, the occurrences in Haapajärvi are interglacial or interstadial, containing a considerable amount of Melosira islandica and its resting spores.
The evolution of the Soijärvi basin is typical of such basins in Finland. The diatomite often deposited in oligotrophic lakes when the changing and silica-bearing water provided the right conditions for a rich diatom flora. The diatoms indicate that as the diatomaceous gyttja started to deposit in the Soijärvi basin the water in the basin was changing from neutral-alkaline to more acidic. As deposition continued the basin became alkaline again but only for a brief period, because the water in the Soijärvi basin was already acidic when the diatomite was deposited. The dominant species grew so rapidly that it hindered competition by other diatoms. Likewise, the diatoms obviously disintegrated very quickly at the sedimentation stage at the same time as the organic matter was deposited.
The use to which diatomite is put depends not only on its physical and chemical properties but also on its purity. It has a wide range of applications (e.g. Mölder 1960 ), one of the most important of which is as a filtration medium: 64 °7o of the 687,000 metric tons of diatomite produced in the USA in 1981 went for filtration mediums (Meisinger 1981) . The next most important application in the USA is as a filler (23 <%). This has increased substantially in the last few years and has great promise, particularly in the building materials sector. Diatomite is also used as an insulator (2 %), as an absorption and abrasive material, and as an additive in fertilizers (Meisinger 1981) . According to Mölder (1960) , the diatomite containing abundant frustules of Melosira species, especially Melosira distans, is very suitable for use as a polishing material.
In durability, diatomite is comparable with quartz, the only substances being able to dissolve it are strong alkalies and hydrofluoric acid. The Soijärvi diatomite is a rather high-quality material in terms of chemical composition and physical properties. Thanks to its high melting temperature, it makes an excellent heat insulator.
Particle size, specific surface area and the porosity have not been determined before from diatomite and thus there are no data with which to compare the results obtained from the Soijärvi diatomite.
The particle size distribution obtained does not perhaps entirely correspond to the true nature of the diatomite of Soijärvi. More analyses of different kinds of diatomite materials would be needed. The methods used may accentuate somewhat the proportion of small particles, because the big diatoms and diatom chains are inclined to break during wetscreening. Moreover, the elongated ones and those under 62 f»m in diameter may pass through the mesh. In the analyser the shape of the elongated diatoms may affect their sedimentation rate and mode and thus alter the result. The lightness of the diatomite may also affect its sedimentation process.
Many physical and chemical properties of powdered materials, e.g. cation exchange capacity of soils and their ability to retain water, depend on their large surface areas. Large surface areas are possible only because such materials are porous. Determination of the porosity distribution of the specific surface area gives us more classification criteria for the material. We can also establish how the materials behave and how appropriate they are for various purposes. Thus, in his study on the distribution of pores in active carbon, Ranta (1981) states that a high microporosity is beneficial when gases and vapours are being adsorbed. But carbon should also have pores of large diameter, when solutions are being adsorbed. Thus, different pore distributions are suitable for different purposes.
The specific surface area of diatomite is important when assessing the material for technical potential, especially if it is to be used as a filtration medium because then its large specific surface area has a marked impact on its efficiency.
